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Available online 29 November 2016AbstractIn order to study the variation of shale gas composition as well as the carbon isotopic fractionation characteristics of terrestrial shale in the
Ordos Basin, and ultimately establish a prediction model for shale gas production in order to monitor production capacity and effectively manage
the development of shale gas, selected core samples from production wells were obtained for desorption analyses of their corresponding gas
composition and carbon isotope. The desorption results showed that the methane content of the desorption gas is relatively low, the drying
coefficient (C1/C1e5) ranges from 0.6 to 0.8, and the carbon isotope is relatively negative compared to other places. By means of the increasing
desorption and production time, the drying coefficient and carbon isotope values of such samples show obvious carbon fractionation during gas
adsorption/diffusion processes. The changes are more evident with increasing heavy hydrocarbons (C2þ) and heavier carbon isotope values. The
drying coefficient shows good correlation (R2 > 0.8) with the content of shale gas desorption per unit mass. A gas production prediction model
was proposed to predict gas production throughout the life of the production well based on the relationship between the drying coefficients and
gas production volume in the Ordos Basin.
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sources [1e6]. Substantive simulation experiment results and
onsite observed data by predecessors show that: in the course
of migration of conventional gas in the formation pore system,
understandable fractionation effect that occurs in carbon
isotope, which, to be specific, is shown in preferential
migration of methane relative to heavy hydrocarbon, isomer-
ical butane relative to normal butane, and light carbon isotope
relative to heavy carbon isotope [7e10]. The reasons behind
this are differences in the chemical reaction activate energy,
mass number, molecular structure or adsorbability of different
components or different isotopic molecules in a generation,
migration, and lastly, the preservation or dissipation course of
natural gas [10,11]. As a non-conventional hydrocarbons AND Langfang Branch of Research Institute of Petroleum Exploration and Development, Petro-
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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self-storage relative to the conventional gas reservoir. Gener-
ally, it does not migrate nor does it diffuse over a long dis-
tance, its component and carbon isotopic fractionation
characteristics are more likely to be greatly different from
those of conventional gas.
Research performed by predecessors believe that gas
diffusion and adsorption are the major factors which influence
migration of gas in shale or other tight stratum origins, making
the gas generate components and stable carbon isotopic frac-
tionation [6,9e11]. The main cause for gas diffusion to result
in component and carbon isotopic fractionation is that
methane is relative to heavy hydrocarbon, and light carbon
isotope component is relative to heavy carbon isotope
component, it has higher diffusibility that eventually causes
gas components to be dampened and carbon isotope value to
be on the negative side. The predecessors performed diffusion
and analysis experiment on dry shale to find whether the gas
diffusion front obviously abounded in the 12C-methane and
whether the migrated methane carbon isotope value could
reduce by 30‰ [12,13]. Meanwhile, water-saturated shale can
also cause large carbon isotopic fractionation generated in
diffusion process of methane [6]. Some scholars have explored
carbon isotopic fractionation model caused by gas diffusion
migration [14e16].
The adsorption of clay minerals and organic matters for
gasses will also lead to fractionation of stable carbon isotope.
However, this has been barely delved into comparatively
[17,18]. Fuex [17] conducted a methane adsorption experi-
ment using a high polarity chromatography column. He found
out that this chromatography column had lower affinity to non-
polarity methane and that the carbon isotopic fractionation
was smaller than 1‰. Gunter [18] conducted the same
experiment using a 13 Å molecular sieve whose methane
adsorptivity was stronger in finding our whether the methane
carbon isotopic fractionation caused by adsorption could
exceed 10‰. As the chromatography column was applied in
the experiment it's characterized by dryness and high specific
surface area compared to formation shale sample. It is hard to
contrast the influence of adsorption displayed by the experi-
mental result on methane isotope with a practical situation.
However, at least the experimental result can validate possible
influence of adsorption on carbon isotopic fractionation.
Lu [19] collected fresh shale core on top of the gas reser-
voir, measured the components of residue gas and carbon
isotope value. Lu found out that the methane carbon isotope
value at this position (from 36.6‰ to 25.5‰) was far
larger than the counterpart in the reservoir (41.9‰). It also
increased as the depth became more sizeable; it was unrelated
to physical properties of rocks and minerals characteristics.
The research believed that the change of methane carbon
isotope was primarily influenced by gas diffusion and clay
mineral adsorption. Xia [16] considered gas adsorption and
diffusion process and raised a gas continuous flow model to
simulate isotopic fractionation phenomenon caused by
migration of natural gas in coal and shale. This author believed
that the early migration after gas generation would turn thecarbon isotope to the negative side due to the strong adsorptive
capacity of hydrocarbon source rock.
Han et al. [20] analyzed gas components and characteristics
of carbon isotope as well as desorbed shale gas on site to
discover that the ethane content increased regularly with the
increase of desorption time in the desorption process of shale
gas; the d13C1 value increased to a certain extent. Meanwhile,
a handful simulation experiments on coal-seam gas also saw
that the methane carbon isotope value increases with the surge
of desorption time [21e23]. Gao et al. [24] analyzed basic
geochemical characteristics of desorbed gas from the Upper
Triassic shale in the Junggar Basin, it is generally thought that
the shale gas in this region was dry gas with low carbon
isotope value, exhibiting characteristics of the conventional
low maturity situ sapropel type natural gas. Du et al. [25]
analyzed components and carbon isotope and formulated
that shale gas in the Yanchang Formation in the southeast of
the Ordos Basin was dominated by pyrolyzed moisture.
Additionally, the carbon isotope series was basically positive
basically indicating that there's idiogenous gas was mixed in
this segment.
To sum things up, current research on the components of
natural gas and characteristics of carbon isotope in a non-
conventional compact reservoir is mainly focused on
describing basic geochemical characteristics, fractionation
mechanism, and gas genesis, etc. There's deficient research on
the correlation between the desorbed gas amount of shale or
per well rate and geochemical change characteristics of. Thus,
the paper collected onsite desorbed gas and gas sample from
trial-producing well and analyzed components and carbon
isotope, subsequently combining field data of production well
to establish an effective single well shale gas yield prediction
model to provide a useful reference for shale gas reserve es-
timate and dynamic monitoring of productive capacity.
2. Sample and experiment2.1. Geologic background and sampleMainly located in the southeast of the Yishan slope in the
Ordos Basin, the researched area has a gentle structure with a
strata dip of <1. The main body is located in the Yan'an city
within Shaanxi Province (Fig. 1a). The Mesozoic Ordos Basin
experienced multistage sedimentation, polycyclic uplifting and
reconstruction, and several other sedimentary cycles [26e28].
Thereunto, the Upper Triassic series in the Yanchang Forma-
tion is just a limnetic facies which the clastic successions series
developed in the stable sedimentation period. The section
Chang 7 has lithologic characters of mainly dark-colored shale,
carbargilite, oil shale with the thickness being 70e150 m.
Section Chang 7 is the main exploration target formation layer
of hydrocarbon source rock and shale gas (Fig. 1b).2.2. Experimental methodThe research samples were mainly onsite shale desorbed
gas sample. The onsite desorption of shale gas requires the
Fig. 1. Location of the study area and its stratigraphic chart.
Fig. 2. Diagram of desorption and collection of shale gas.
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with the saturated saline solution used to seal the core after it
has been taken out. The saturated saline solution in the
desorption pot and the constant-temperature water tank should
be heated in advance to the temperature of the corresponding
core layer and the temperature should be unceasing (for
example the temperature gradient of the formation where the
core well is located this time is 2.5 C/hm, coring depth of the
core is 1308e1352 m, external temperature is 23 C, and the
corresponding formation temperature is set to 55 C). Then
desorption pot is then placed in a constant-temperature water
tank, and the desorption pot valve and inversion measuring
cylinder are connected by a conduit (Fig. 2). Usually, only a
small amount of gas is precipitated after 4 h post core
desorption at a constant temperature under formation tem-
perature, then desorption temperature was gradually increased
to 95 C, then desorption at a constant temperature last for
3e4 h till the end of the desorption.
In the course of desorption at a constant temperature, a
rubber tube was utilized to lead the desorbed gas into
measuring cylinder, and metered desorbed gas at fixed time
node; used a funnel to lead desorbed gas into a gas-sample
bottle whose air was already exhausted from measuring cyl-
inder time piecewise. After the sample collection, we
respectively used Agilent 6890N GC gas chromatograph and
Thermo Scientific TRACE GCULTRA-GC ISOLINK-MAT
253 IRMS to analyze gas components and stable carbon
isotope. Related experiments were all conducted in a nationalkey lab of hydrocarbon resources and detection of the China
University of Petroleum.
3. Result and discussion3.1. Desorbed gas components
3.1.1. Basic characteristics of gas components
The result of experimental analysis on components of
onsite desorbed gas showed that (Table 1), the content of CH4,
C2H6, and C3H8 in the components of desorbed gas mainly
Table 1
Carbon isotope compositions of the desorbed gas in the Well YY-22.
Sample Time/h Gas content/ml Carbon isotope/‰
C1 C2 C3 iC4 nC4 iC5 nC5 CO2
YY22-8a 0.5 180 51.0 34.2 31.0 34.3 31.0 30.3 31.5 15.1
YY22-8b 1 266 51.5 34.4 31.0 34.1 31.0 30.2 31.7 14.2
YY22-8c 4 468 50.8 34.5 31.1 34.5 31.3 30.5 31.5 13.5
YY22-8d 8 760 48.0 33.9 31.0 34.4 31.1 30.5 31.5 13.5
YY22-9a 1 150 51.7 34.7 31.2 34.4 31.5 30.9 31.7 16.6
YY22-9b 4 278 52.1 35.0 31.5 34.7 31.6 30.9 31.6 15.2
YY22-9c 8 576 48.2 34.5 31.6 34.8 31.6 31.0 32.0 14.6
YY22-14a 0.5 282 50.9 34.2 31.2 34.7 31.4 30.2 31.8 15.9
YY22-14b 1 388 50.5 34.3 31.2 34.9 31.3 30.0 31.9 14.6
YY22-14c 2 500 49.0 34.0 31.2 35.0 31.4 30.2 31.8 15.6
YY22-14d 4 586 47.4 33.6 31.2 34.9 31.2 29.9 31.8 14.8
YY22-14e 7 782 45.6 32.9 31.1 35.0 31.3 30.1 31.6 15.1
YY22-15a 0.5 464 50.8 34.0 31.1 34.8 31.2 30.0 31.6 14.5
YY22-15b 1 594 50.4 34.2 31.3 35.0 31.3 29.8 31.9 15.4
YY22-15c 2 716 48.4 33.8 31.1 34.9 31.1 29.9 31.7 14.4
YY22-15d 4 804 46.7 33.4 31.1 34.9 31.2 29.9 31.5 14.5
YY22-15e 7 962 44.6 32.5 30.8 35.0 31.1 30.0 31.6 14.7
YY22-20a 1 546 50.5 34.6 31.5 35.2 31.5 30.1 31.8 14.7
YY22-20b 2 662 48.9 34.3 31.5 35.0 31.4 30.2 31.6 14.3
YY22-20c 4 736 47.6 34.0 31.3 35.1 31.3 30.0 31.8 14.8
YY22-20d 8 954 40.9 32.5 31.1 35.2 31.3 30.1 31.6 15.2
YY22-21a 1 472 50.3 34.6 31.4 35.1 31.4 30.0 31.8 14.1
YY22-21b 4 592 48.6 34.4 31.5 35.1 31.4 30.1 31.8 15.3
YY22-21c 8 730 39.7 32.7 31.1 35.0 31.2 30.0 31.6 16.5
YY22-26a 0.5 656 52.2 35.5 32.0 35.1 31.6 30.7 32.1 15.3
YY22-26b 2 912 48.1 35.3 32.4 35.3 31.8 30.9 32.2 14.7
YY22-26c 4 974 45.4 34.7 32.1 35.2 31.8 30.8 32.0 15.6
YY22-26d 8 1233 43.4 34.3 32.2 35.3 31.8 31.0 32.1 14.2
YY22-27a 0.5 344 53.0 34.9 31.5 35.2 31.4 30.2 31.8 15.5
YY22-27b 2 568 50.7 34.8 31.6 35.2 31.6 30.3 31.9 14.7
YY22-27c 4 662 48.4 34.2 31.2 34.8 31.3 30.8 31.8 13.8
YY22-27d 8 824 45.3 33.6 31.3 35.2 31.4 30.1 31.8 14.7
YY22-32a 0.5 406 51.5 35.8 32.5 35.0 31.9 30.8 32.4 15.6
YY22-32b 1 510 49.9 35.6 32.6 35.3 32.0 30.8 32.3 14.6
YY22-32c 4 650 46.5 34.8 32.3 35.3 32.0 30.9 32.3 15.5
YY22-32d 7 803 43.0 33.7 32.1 35.2 31.9 30.7 32.0 14.0
428 F. Chen et al. / Journal of Natural Gas Geoscience 1 (2016) 425e433ranged from 55% to 78%, 10% to 18%, and 4% to 10%. The
volume fraction of iC4 and nC4 was 1%e5%, whereas the
composition percentage of iC5 and nC5 was 0.5%e2%. The
gas drying coefficient (C1/C1e5) mainly ranged from 0.6 to
0.8, the value of C1/C2þ3 was mostly smaller than 5; this
indicated the drying coefficient of shale gas in this area was on
the low side, methane content was relatively low, heavy hy-
drocarbon content was comparatively high, and moisture
dominated.
3.1.2. Gas components fractionation
We collected onsite desorbed gas time piece wisely. Then
the gas components were analyzed, and the component frac-
tionation characteristics in the desorption process of shale gas
were explored. The experimental result showed that the in-
crease of desorption time, the methane content decreased
constantly by 15% to over 40% (Fig. 3a). The content of heavy
hydrocarbon component (C2þ) increased constantly with the
increased desorption time. There is a positive correlation be-
tween the two. The increased rates of ethane and propane arethe greatest, reaching a maximum up to 10% (Fig. 3bee). The
gas drying coefficient of C1/C1e5 and C1/C2þ3 decreased
significantly with the desorption time, indicating the escalation
of shale desorption time and desorbed gas amount, the pro-
portion of methane declined, the content of heavy hydrocarbon
component increased, and the gas was dampened gradually
(Fig. 4a and b).
Research performed by predecessors believed that the main
reason that caused fractionation is the gas components that
influenced adsorption/diffusional effect, molecular weight,
molecular diameter, and solubility coefficient of methane were
insignificant relative to the heavy hydrocarbon. Thus, the
methane's capacity of being adsorbed by rock minerals was
weak, whereas the diffusion coefficient was great, resulting
eventually in preferential precipitation of methane compared
to other heavy hydrocarbon components in the course of shale
desorption [9,10]. As desorption proceeded, the relative per-
centage composition of methane declined, while volume
fraction of ethane and propane increased accordingly. Espe-
cially after desorption temperature ascended from 55 C to
Fig. 3. Relationship between the content of gas components and desorption time.
Fig. 4. Relationship between the drying coefficient and desorption time.
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substantial increase.
3.1.3. Gas component and desorbed gas amount
To explore the correlation between the shale gas component
and desorbed gas amount, the paper plotted a graph (Fig. 5a
and b) of the relationship between the desorbed gas drying
coefficient (C1/C1e5, C1/C2þ3) and the desorbed gas amount of
unit mass (ml/g). The results showed a satisfactory correlation
and linearly dependent coefficient is R2 > 0.8.
According to the association between gas component dry-
ing coefficient and desorbed gas amount per unit shale mass,
we can attempt to establish a prediction model of shale air
content. As shown in Fig. 5, the logarithmic graph of therelationship between the drying coefficient (C1/C2þ3) and
desorbed gas amount per unit mass shows the logarithmic
correlation coefficient of the two is greater than 0.8. Based on
this, we assumed that the methane in shale was completely
desorbed, subsequently, the drying coefficient (C1/C2þ3) will
approach 0. At this moment, the junction of the logarithmic
curve production (broken line) and the X-axis are the largest
accumulative desorbed gas amount by per gram of shale
sample. By combining the spatial distribution of shale
abounding in organic matters in the researched area and actual
recovery of shale gas, we can make a preliminary prediction of
the shale gas yield in this region. In the same manner, by way
of the relationship between the per well rate and a gas
component known, productive capacity of shale gas can be
Fig. 5. Relationship between the drying coefficient and the content of unit mass desorbed gas.
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components.
However, it is noteworthy that the actual formation is
largely different from the desorption experiment condition.
Most especially the site desorption experiment pressure is
largely different from the actual pressure in the formation.
Hence, some scholars placed forward that gas diffusion and
migration might cause large gas component and isotopic
fractionation when the lab was fully degasified. Nonetheless,
in actual geological conditions, corresponding fractionation
effect is comparatively limited (<5‰) [16]. Thus, to establish
this prediction model, change of gas component in the pro-
duction well and monitoring data of yield of production well
need to be corrected.3.2. Carbon isotope of desorbed gas
3.2.1. Carbon isotope characteristics
The analysis result on the carbon isotope of desorbed gas
from shale showed that (Table 1) the distribution range of
carbon isotope value for CH4, C2H6, and CO2 was from
53.0‰ to 39.7‰, 35.8‰ to 32.5‰ and 16.6‰ to
13.5‰, respectively. The carbon isotope values for C3H8,
iC4, nC4, iC5, and nC5 firmly ranged around 31.5‰,
35.0‰, 31.5‰, 30.5‰, and 31.8‰. From the value
distribution of carbon isotope in gas components, it is
observed that the shale gas in this region is organic in origin.
The carbon isotope value for the initially desorbed CH4 and
C2H6 was on the negative side, indicating that the shale
maturity in the researched area is relatively low.
3.2.2. Carbon isotopic fractionation
The correlation graph of the carbon isotope value and
desorption time was established according to the measurement
of carbon isotope achieved in the desorbed gas (Fig. 6). The
graph shows that both the d13C1 and d
13C2 increase constantly
with the longer desorption time, indicating in desorption
course of shale gas, shale can obviously fractionate carbon
isotope of CH4 and C2H6. The carbon isotope values for the
two all have varying weight increase. Hereinto, the carbon
isotope value for CH4 has a large change in weight, up to
above 10‰ maximally (Fig. 6a), while the weight change of
carbon isotope value for C2H6 is about 2‰ (Fig. 6b). The
distribution of carbon isotope value for other heavyhydrocarbon components (C3H8, iC4, nC4, iC5 and nC5) is
stable without significant weight increase despite the longer
desorption time.
The diffusion effect serves as the main reason for carbon
isotopic fractionation in production or desorption of shale gas
[12e16]. In comparison to light isotope, the heavy isotope of
one component has a larger molecular radius and smaller
diffusion coefficient, therefore, the light isotope is generally
diffused and migrated. The kinematic explanation states that
precipitate molecule containing 13C needs more energy than
precipitate molecule containing 12C in the same component
[29,30]. Thus, as desorption takes place and the desorption
temperature increases, the content containing heavy isotope
13C rises accordingly and desorbed gas becomes heavy grad-
ually. In addition, tight rocks, such as shale, etc., have rela-
tively strong gas adsorption ability, thus, some scholars
believed that adsorption of rock mineral also had a certain
effect on fractionation of gas carbon isotope [16,19].
3.2.3. Carbon isotope and desorbed gas amount
By establishing the relationship between the gas carbon
isotope value (d13C1, d
13C2) and the desorbed gas amount per
unit mass shale (ml/g) (Fig. 7), the correlation between d13C1
and desorbed gas amount per unit mass will be relatively good,
not to mention, the linearly dependent coefficient R2 ap-
proaches 0.7 (Fig. 7a); while the correlation of d13C2 remains
relatively bad at R2 < 0.2 (Fig. 7b). Likened to drying coef-
ficient of the gas component, the general correlation between
carbon isotope value and desorbed gas amount remained un-
satisfactory, which may be related to measuring the error in
carbon isotope experimental analysis.
Some scholars found a good positive correlation between
“inverted sequence” degree of carbon isotope and gas content
of shale [19e21]. Tilley [31] thought that the phenomenon of
“inverted sequence” of the isotope showed shale was in a
relatively closed state and could be preserved well. Thus, the
higher the degree of “inverted sequence” of the isotope, the
higher the gas content. Xia [32] thought the main reason for
“inverted sequence” of isotope was: liquid hydrocarbon py-
rolysis gas that was abundant in more heavy hydrocarbon
components than kerogen pyrolysis gas in high maturity stage,
composition of carbon isotope was relatively light, and when
CH4 from kerogen pyrolysis gas was mixed with C2H6 from
liquid hydrocarbon pyrolysis gas, the “inverted sequence” of
Fig. 6. Relationship between the d13C1, d
13C2, and desorption time.
Fig. 7. Relationship between the d13C1, d
13C2, and the content of unit mass desorbed gas.
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13C2 appears. However, the result of the experimental
analysis in this paper showed that in general d13C1 is much
less than d13C2. There is no phenomenon of “inverted
sequence” of isotope (Table 1). The general maturity of shale
in the researched area was on the low side, and kerogen did not
reach high maturity stage of pyrolysis; it did not generate
substantive CH4. Thus, the CH4 and C2H6 in the desorbed gas
are mainly from pyrolysis of liquid hydrocarbon.3.3. Gas component and carbon isotope in the
production wellAccording to the analysis result of the onsite desorption of
shale core, we preliminarily estimated that the gas component
and the effect of carbon isotopic fractionation are supposed to
also exist in fracturing recovery process of shale reservoir, i.e.
the component and carbon isotope value of shale gas produced
by the same well in different production periods and brought
in well of different periods in the same period are supposed to
be differing. Basic change trend is estimated to be: the heavy
hydrocarbon component in gas increases and carbon isotope
gains weight with an increase of production time.
Based on the aforementioned estimation, we assumed that
the gas amount produced in a single well is proportional to time.
After collecting the gas sample of one same objective section of
brought in well in different periods, measuring gas component
content, and carbon isotope value, and establishing relation
between gas drying coefficient, methane carbon isotope value
and production time of production well (Fig. 8), we can get the
relationship between the component and carbon isotope value of
gas in production well and produced gas amount. Analytical
result showed that in comparison with the desorbed gas, the
content of gas component CH4 in productionwellmainly ranged
from 66.4% to 77.5%, carbon isotope values of CH4 and C2H6were respectively concentrated at 51.2‰ to 47.4‰ and
37.0‰ to 38.7‰ (Tables 2 and 3), these indications were
compared with onsite desorption result. The CH4 content in
shale gas component in actual formation was relatively higher,
carbon isotope value was relatively lighter, and fractionation
effect was relatively small. Correlation between the content of
component and carbon isotope value of gas in the production
well and production timewas good, the coefficient of correlation
of gas drying coefficient is (C1/C1e5, C1/C2þ3) R
2> 0.9 (Fig. 8a
and b). The coefficient of correlation between carbon isotope
value of methane (d13C1) and production time is R
2 < 0.8
(Fig. 8c). The coefficient of correlation of carbon isotope value
of ethane (d13C2) was smaller than 0.5 (Fig. 8d).
According to the logarithmic relationship between the
drying coefficient (C1/C1e5) and production time, we can
establish a model of preliminary prediction regarding the total
output of shale gas in a single well (Fig. 8). However, due to
the limitations of real production and analytical data, some
problems encountered in the physical production process must
be solved before the establishment of an actual prediction
model. For example, new gasses will be constantly mixed into
shale gas in actual fracturing production process, hence, the
drying coefficient and carbon isotope value of shale gas
component in it are likely to not only simply decrease or in-
crease but is largely related to fracturing times of shale,
fracturing scope and shale gassiness in the researched area.
Nonetheless, the general trend for drying coefficient and car-
bon isotope value of shale gas component is that they change
with the change of production time and can fully reflect the
change of shale gas content. Besides, much like in an actual
formation, the shale temperature and pressure are remarkably
different from onsite desorption condition that leads to a
relatively low desorption degree of shale gas, thus, the drying
coefficient minima generated by gas component fractionation
Fig. 8. Relationship between the drying coefficient, d13C1, and production time.
Table 2
Gas components characteristics of producing wells in the study area.
Sample Gas components/% C1/C1e5 C1/C2þ3
C1 C2 C3 iC4 nC4 iC5 nC5
LP177-1 67.01 14.67 6.07 2.14 2.32 1.37 1.29 0.71 3.23
LP177-2 66.43 14.77 6.16 2.11 2.45 1.11 1.69 0.70 3.17
YYP1-1 76.18 10.93 4.17 1.17 1.68 0.26 0.33 0.80 5.04
YYP1-2 75.69 11.51 4.42 1.20 1.59 0.31 0.43 0.80 4.75
YY13-1 77.40 9.91 5.71 0.95 1.22 0.31 0.41 0.81 4.96
YY13-2 77.49 9.85 5.75 0.89 1.14 0.32 0.42 0.81 4.97
432 F. Chen et al. / Journal of Natural Gas Geoscience 1 (2016) 425e433in the production well needs to be further verified according to
real production data.
4. Conclusions
(1) The CH4 content in shale gas within the researched area is
relatively low, whereas the drying coefficient (C1/C1e5)
mainly ranges from 0.6 to 0.8, generally indicating that the
shale gas drying coefficient of this area is low and that
moisture dominates; these factors are heavily influenced
by the adsorption/diffusion effect. The composition per-
centage of methane decreases constantly with the
increasing desorption time, the content of heavyTable 3
Gas isotopic characteristics of producing wells in the study area.
Sample Carbon isotope/‰
C1 C2 C3 iC4
LP177-1 47.37 36.95 32.74 34.1
LP177-2 48.16 37.49 32.96 34.1
YYP1-1 50.81 38.66 33.13 34.6
YYP1-2 51.18 38.59 33.11 34.3
YY13-1 50.14 37.95 32.74 33.8
YY13-2 50.83 38.01 32.86 34.4hydrocarbon component (C2þ) intensifies, and the gas
drying coefficient decreases constantly by a great degree.
(2) The logarithmic relation graph between the drying coef-
ficient (C1/C1e5, C1/C2þ3) and the desorbed gas amount
per unit mass demonstrate a good correlation; the corre-
lation coefficient is R2 > 0.8. We can attempt to establish
the prediction model of shale gas content according to the
logarithmic relationship between gas component drying
coefficient and desorbed gas amount per unit mass shale.
(3) The desorption course of shale gas has an apparent effect
on CH4 and C2H6 carbon isotopic fractionation, and their
carbon isotope values gain weight in varying degrees.
Thereunto the weight gain degree of carbon isotope value
of CH4 is higher as much as 10‰.
(4) The correlation between carbon isotope value of desorbed
gas (d13C1, d
13C2) and desorbed gas amount per unit mass
is fairly bad with its correlation coefficient being R2 < 0.7.
For the reason that the thermal maturity of shale in the
researched area is relatively low, the d13C1 is generally
smaller than d13C2, and the “inverted sequence” phe-
nomenon of carbon isotope does not appear.
(5) The coefficient of the production time and gas drying
coefficient in the different gas wells was over 0.9, but the
correlation between the carbon isotope value andnC4 iC5 nC5 CO2
2 31.81 31.41 32.19 21.05
1 31.95 31.49 32.18 22.29
3 31.83 7.90 31.00 12.34
6 31.85 30.75 32.20 14.52
9 31.70 30.80 32.31 18.28
5 31.77 31.23 31.90 18.92
433F. Chen et al. / Journal of Natural Gas Geoscience 1 (2016) 425e433production time was comparatively inconsequential. The
ultimate cumulative recovery of the production well can
be preliminarily estimated according to the logarithmic
association between the drying coefficient (C1/C1e5) and
production time.Foundation item
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